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When combined with absolute rate constants for reference compounds such as CI-t4, CH3CCI3, and CF3CF2H, absolute rate constants can be determined.
Experimental Section
The relative rate technique used in this work has been described in several recent publications.
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The In the present work we have used the reference compounds which are shown in Table 1 .
Results
The rate constant ratio measurements at different temperatures are shown in Table 2 . Linear least-squares fits to these data in Arrhenius form are listed in Table 3 . Using the reference rate constant expressions from Table 1 , the ratio data from Table 2 were converted to rate constants, and the resulting data are plotted in Figures  1-3 .
The figures include data from other laboratories for comparison. to within 3%. The values we used for CH_ and CH3CCI3 (the same as in K, most of which arises from possible error in the E/R value for I-IFC-152a, which we estimate to be about +150 K.
I-IFOC-134 (Figure 2)
. Methyl chloroform was the reference gas in these experiments. Since that gas is one of our primary standards and the rate constant has been shown to be consistent within a very few percent with the other primary references, CI-I4 and HFC-125. the major uncertainty is from the ratio experiment itself, which is about 3-5%. Table 4 is based on the CF3H rate constant, which was determined with reference to HFC-125 in Substituents affect rate constants in two ways. The most important is the effect on the C-H bond energy, which in turn alters the activation energy of the reaction. A second and less important effect is on the preexponential factor. In our previous work)
we have shown that ratios of Arrhenius A factors are remarkably proportional to the number of (equivalent) H atoms in the molecule, regardless of the nature of the substituents.
Deviations from proportionality to the number of H atoms are usually less than a factor of 1. Figure 4 , which is a graph of log(k(298 K)/n(H)) for reactants in which all the C-H bonds are identical, with n(H) being the number of H atoms. In CH3CC13, for example, the relevant group is CC13. From this graph the relative effects of different groups and combinations of groups can be readily seen. The rate constants are considered on a per hydrogen basis, as discussed above.
The point of reference in Figure  4 is Cl-h, since all the compounds are considered as substituted methanes.
As seen in Figure 4 , most groups enhance the C-H reactivity compared to CI-h. This is also the case for the CF30 group, since CF3OCH3 has a higher reactivity per C-H bond than CI-h.
The only known isingle) groups which reduce k/n(H) are CF3 and CF2CI (as in HFC-143a and HCFC-142b; see Figure 4 ).
The CFC12 group (in CFCleCH3, HCFC-141b) has a slight enhancing effect, in keeping with the trend toward the fully chlorinated group CC13, which has a definite enhancing effect (as in CH3CC13). Qualitatively, these and other effects discussed below can be correlated with the density of valence electrons in the group. Figure 4 ) that the presence of multiple substituent groups on a carbon atom affects the C-H reactivity by an amount that is less than the effects of the substituents considered individually. For example, a second CI atom (as in CH2CI_,) has a smaller effect on the rate constant than does the first (as in CH3C1), and a third has still less effect (as in CHCI3).
It is known (and is evident in
The respective increments in log(k(298 K)/n(H))
for the series CH4 to CH3C1, CH3CI to CH2C12, and CH2C12 to CHCI3 are 0.80, 0.66, and 0.27. This lack of strict additivity poses a problem for rate constant estimation methods, which must account for it empirically.
The fluorine atom is a unique case with regard to the effect of multiple substitution by halogen atoms. The first F atom enhances the rate constant per H atom, the second one decreases it slightly, and the third one causes a very pronounced decrease.
The rate constant for CI-IF3 is thus among the slowest of those have nearly equal values for k/n(H), as seen in Figure 4 .
The presence of two F atoms not only offsets the enhancing effects of groups but also mitigates the suppressing effects which a very few single groups have.
In the case of CF3, the presence of two F atoms on the carbon atom (as in CF3CF2H) reduces the suppressive effect, with the result that the compound CF3CF_,H has a k/n(H) which is greater than that of CH3CF3, the compound to which it should be compared in this connection.
It is therefore apparent that CF30 and CF3 behave quite differently, and in fact oppositely, in their roles as substituent groups.
No simple analogies can be expected for the OH abstraction rate constants of compounds containing these groups.
From Table 5 
